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(57) ABSTRACT

A compact, wide view-field imaging lens with a small F-value
which corrects aberrations properly. Its elements are arranged
in order from an object side to an image side: an aperture stop,
positive first lens having convex surfaces on the object and
image sides, negative second lens having a concave object-
side surface near an optical axis, positive meniscus third lens
having a convex image-side surface, and negative meniscus
double-sided aspheric fourth lens having a concave image-
side surface near the optical axis. Its F-value is smaller than
2.4 and it satisfies conditional expressions (1) to (3) below:

0.15<f12/34<0.5 n

0.1<Ir1/721<0.5 ()]

1.0<A1/3<1.6 3
where

f1: first lens focal length

3: third lens focal length

f12: composite focal length of the first and second lenses
f34: composite focal length of the third and fourth lenses
rl: curvature radius of the first lens object-side surface
r2: curvature radius of the first lens image-side surface.
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1
IMAGING LENS

CROSS-REFERENCE TO RELATED
APPLICATION

This is a continuation application of U.S. patent applica-
tion Ser. No. 14/463,256, filed on Aug. 19, 2014, which
claims the benefit of priority from the prior Japanese Patent
Application No. 2013-245868, filed on Nov. 28, 2013, the
entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to imaging lenses which form
an image of an object on a solid-state image sensor such as a
CCD sensor or a C-MOS sensor used in a compact image
pickup device, and more particularly to imaging lenses which
are built in image pickup devices mounted in increasingly
compact and low-profile mobile terminals such as smart
phones, mobile phones and PDAs (Personal Digital Assis-
tants), and game consoles and information terminals such as
PCs.

2. Description of the Related Art

In recent years, the market of mobile terminals including
smart phones has been ever-expanding, and in the field of
cameras built in mobile terminals, products which cope with
an increase in the number of pixels have become mainstream.
Imaging lenses for such cameras are strongly expected to
provide higher resolution and be more compact and low-
profile and also to realize a lens system which ensures high
brightness to cope with an increase in the number of pixels
and provides a wide field of view to capture an image of an
object over a wide range.

Many types of imaging lenses composed of four constitu-
ent lenses (four-element lenses) which are relatively compact
and provide high performance have been proposed as imag-
ing lenses which meet the trend toward higher performance as
mentioned above.

For example, JP-A-2008-033327 (Patent Document 1) dis-
closes an imaging lens which includes a first lens with posi-
tive refractive power as a biconvex lens, a second lens with
negative refractive power as a meniscus lens having a convex
surface on an object side, a third lens with positive refractive
power as a meniscus lens having a convex surface on an image
side, and a fourth lens with negative refractive power, in
which the length of the overall optical system in the optical
axis direction and the ratio of the focal length of'the first lens
to the overall focal length are set within appropriate ranges in
order to achieve compactness and high performance.

JP-A-2009-265245 (Patent Document 2) discloses an
imaging lens which includes, in order from an object side, a
first lens with positive refractive power having a convex sur-
face on the object side, an aperture stop for adjusting the
quantity of light, a second lens with negative refractive power,
a third lens with positive refractive power having a concave
surface on the object side, and a fourth lens with negative
refractive power, in which the ratio between the focal length
of'the overall optical system and the focal length ofthe second
lens and the ratio between the focal length of the second lens
and the curvature radius of the object-side surface of the
second lens are set within appropriate ranges in order to
achieve compactness and high performance.

The imaging lens described in Patent Document 1 is rela-
tively compact in which TLA/2ih is about 1.0 where TLA
denotes total track length and 2ih denotes the diagonal length
of the effective imaging plane of the image sensor. However,
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2

its F-value is about 3.0, so its brightness is not considered to
be sufficient for an image sensor which deals with an increas-
ing number of pixels. Also, its half field of view is in the range
of'31 to 32 degrees, which is insufficient to meet the demand
for a wide field of view.

The imaging lens described in Patent Document 2 is also
relatively compact in which TLLA/2ih is about 1.0. However,
its F-value is about 2.8, so its brightness is not considered to
be sufficient for an image sensor which deals with an increas-
ing number of pixels. Also, its half field of view is in the range
of'31 to 32 degrees, which is insufficient to meet the demand
for a wide field of view.

Therefore, in the conventional technology, it is difficult to
meet the demands for compactness, a wider field of view and
a small F-value at the same time.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above
problem, and an object thereof'is to provide an imaging lens
which meets the demand for compactness, provides a small
F-value and a wide field of view and corrects various aberra-
tions properly.

Here, a “compact” imaging lens means an imaging lens in
which TLA/2ih is 0.9 or less, where TLA denotes total track
length and 2ih denotes the diagonal length of the effective
imaging plane of the image sensor. “Total track length”
denotes the distance on the optical axis from the object-side
surface of an optical element located nearest to the object to
the image plane in an optical system without an IR cut filter or
the like. Here, a “small F-value” means that the F-value is less
than 2.4, and a “wide field of view” means that the field of
view is 70 degrees or more.

According to one aspect of the present invention, there is
provided an imaging lens for a solid-state image sensor in
which elements are arranged in the following order from an
object side to an image side: an aperture stop; a first lens with
positive refractive power having a convex surface on each of
the object side and the image side; a second lens with negative
refractive power having a concave surface on the object side
near an optical axis; a third lens with positive refractive power
as ameniscus lens having a convex surface on the image side;
and a fourth lens with negative refractive power as a meniscus
double-sided aspheric lens having a concave surface on the
image side near the optical axis. Its F-value is smaller than
2.4, and it satisfies conditional expressions (1), (2), and (3)
below:

0.15<12/f34<0.5 M

0.1<I71/r21<0.5 )

1.0<1/3<1.6 3)

where

f1: focal length of'the first lens

3: focal length of the third lens

f12: composite focal length of the first lens and the second
lens

f34: composite focal length of the third lens and the fourth
lens

rl: curvature radius of the object-side surface of the first lens

r2: curvature radius of the image-side surface of the first lens.
The imaging lens with the above-described configuration

has a virtually telephoto lens system in which positive, nega-

tive, positive, and negative lenses are arranged in order from

the object side, so it is easy to shorten the total track length.

The refractive power of the imaging lens is appropriately
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distributed to its constituent lenses, and each constituent lens
has an appropriate shape to shorten the total track length and
correct various aberrations.

The first lens has a biconvex shape in which the positive
refractive power is appropriately distributed to the both con-
vex surfaces so as to make the lens surface curvature radius
small, suppress an increase in manufacturing error sensitivity,
and shorten the total track length. The surfaces of the first lens
may be both aspheric and if so, spherical aberrations which
occur on the first lens can be corrected.

The second lens corrects chromatic aberrations which
occur on the first lens, and also effectively suppresses paraxial
spherical aberrations, off-axial astigmatism and coma aber-
rations. The surfaces of the second lens may be both aspheric
and if so, off-axial aberrations as mentioned above are cor-
rected or suppressed more effectively due to the aspheric
shapes.

The third lens and the fourth lens are responsible for cor-
rection of off-axial astigmatism, reduction of astigmatic dif-
ference and correction of distortion. The aspheric shapes of
the both surfaces of the fourth lens make it easy to control the
angle of a chief ray incident on the image sensor (hereinafter
called CRA or Chief Ray Angle). The third lens may have an
aspheric surface and if so, various aberrations are corrected
more effectively.

The aperture stop is located between the intersection of the
object-side surface of the first lens and the optical axis and the
periphery of the object-side surface of the first lens. The
aperture stop is located nearest to the object in the lens system
and the exit pupil is remote from the image plane, thereby
preventing the CRA from becoming a large angle. This
reduces the burden on the fourth lens to control the CRA and
prevents the fourth lens from being necessitated to have a
sharply curved aspheric surface, thereby suppressing a ghost
phenomenon attributable to internal reflection. If the aperture
stop is located nearer to the object than the first lens with an air
gap between it and the first lens, CRA control would be easier
but the lens barrel in which the aperture stop is formed should
be located nearer to the object than the first lens, so it would
be difficult to achieve compactness.

According to the present invention, the imaging lens is
designed to have an F-value smaller than 2.4 in order to
provide sufficient brightness for an image sensor which deals
with an increasing number of pixels.

The conditional expression (1) defines an appropriate
range for the ratio of the composite focal length of the first and
second lenses to the composite focal length of the third and
fourth lenses, and indicates a condition to control chromatic
aberrations and other aberrations within proper ranges. If the
value is above the upper limit of the conditional expression
(1), the composite focal length of the first and second lenses
would be relatively too long with respect to the composite
focal length of the third and fourth lenses, making it difficult
to correct chromatic aberrations and other aberrations and
achieve high imaging performance. On the other hand, if the
value is below the lower limit of the conditional expression
(1), the composite focal length of the first and second lenses
would be relatively too short with respect to the composite
focal length of the third and fourth lenses, undesirably the
refractive power of the lens system would be concentrated on
the first and second lenses, leading to an increase in manu-
facturing error sensitivity.

The conditional expression (2) defines an appropriate
range for the paraxial shape of the first lens, and indicates a
condition to shorten the total track length and suppress
spherical aberrations. If the value is above the upper limit of
the conditional expression (2), the refractive power of the
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object-side surface of the first lens would be too weak to
shorten the total track length. On the other hand, if the value
is below the lower limit of the conditional expression (2), the
refractive power of the object-side surface of the first lens
would be too strong, causing spherical aberrations to
increase.

The conditional expression (3) defines an appropriate
range for the relation between the refractive power of the third
lens and the refractive power of the first lens, and indicates a
condition to suppress an increase in manufacturing error sen-
sitivity of the first lens and keep the total track length short. If
the value is above the upper limit of the conditional expres-
sion (3), the positive refractive power of the third lens would
be relatively too small to shorten the total track length. On the
other hand, if the value is below the lower limit of the condi-
tional expression (3), the positive refractive power of the first
lens would be too large, undesirably leading to an increase in
manufacturing error sensitivity.

Generally, in an effort to make the lens system have a small
F-value, there is a tendency that correction of off-axial aber-
rations is particularly difficult because of an increase in the
amount of luminous flux entering the lens. However, when
the above lens configuration is employed and the conditional
expressions (1) to (3) are satisfied at the same time, it is
possible to provide an imaging lens with a small F-value
which corrects various aberrations properly and achieves
more compactness.

Preferably, the imaging lens according to the present inven-
tion satisfies a conditional expression (4) below:

—6.5<r3/f<-0.7 )

where

f: focal length of the overall optical system of the imaging lens

r3: curvature radius of the object-side surface of the second
lens.

The conditional expression (4) defines an appropriate
range for the ratio of the curvature radius of the object-side
surface of the second lens to the focal length of the overall
optical system of the imaging lens, and indicates a condition
to keep spherical aberrations within a proper range. If the
value is above the upper limit of the conditional expression
(4), the refractive power of the object-side surface of the
second lens would be too weak, making it difficult to correct
spherical aberrations which occur on the first lens. On the
other hand, if the value is below the lower limit of the condi-
tional expression (4), the refractive power of the object-side
surface of the second lens would be too strong and though
spherical aberrations would be corrected effectively, the
refractive power of the second lens would be too strong,
undesirably leading to an increase in manufacturing error
sensitivity.

Preferably, the imaging lens according to the present inven-
tion satisfies a conditional expression (5) below:

3.3<7/18<7.5 )

where

r7: curvature radius of the object-side surface of the fourth
lens

r8: curvature radius of the image-side surface of the fourth
lens.

The conditional expression (5) defines an appropriate
range for the paraxial shape of the fourth lens. If the value is
above the upper limit of the conditional expression (5), the
negative refractive power of the fourth lens would be stronger
and the back focus would be longer, making it difficult to
shorten the total track length. On the other hand, if the value
is below the lower limit of the conditional expression (5), the
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negative refractive power of the fourth lens would be weaker
and the back focus would be shorter, making it difficult to
obtain space in which a filter or the like is inserted, though it
would be easy to shorten the total track length.

Preferably, the imaging lens according to the present inven-
tion satisfies a conditional expression (6) below:

TLARiR<0.9 (6

where

TLA: distance on the optical axis from the objet-side surface
of an optical element located nearest to the object to an
image plane without a filter or the like (total track length)

ih: maximum image height.

The conditional expression (6) defines an appropriate
range for the ratio of total track length to maximum image
height, and indicates a condition to achieve compactness. If
the value is above the upper limit of the conditional expres-
sion (6), the total track length would be too long to make the
imaging lens compact, though the freedom in the shape of
each constituent lens would be increased and it would be easy
to enhance the performance.

More preferably, the imaging lens according to the present
invention satisfies a conditional expression (6a) below:

TLARiR<0.85. (62)

Preferably, the imaging lens according to the present inven-
tion satisfies a conditional expression (7) below:

ih/f>0.7 M

where
f: focal length of the overall optical system of the imaging lens
ih: maximum image height.

The conditional expression (7) defines an appropriate
range for the ratio of maximum image height to the focal
length of the overall optical system of the imaging lens, and
indicates a condition to provide a wide field of view and high
imaging performance. If the value is below the lower limit of
the conditional expression (7), the focal length of the overall
optical system of the imaging lens would be too long to
achieve compactness and provide a wide field of view.

More preferably, the imaging lens according to the present
invention satisfies a conditional expression (7a) below:

ih/f>0.75 (7a)

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing the general configura-
tion of an imaging lens in Example 1;

FIG. 2 shows spherical aberration, astigmatism, and dis-
tortion of the imaging lens in Example 1;

FIG. 3 is a schematic view showing the general configura-
tion of an imaging lens in Example 2;

FIG. 4 shows spherical aberration, astigmatism, and dis-
tortion of the imaging lens in Example 2;

FIG. 5 is a schematic view showing the general configura-
tion of an imaging lens in Example 3;

FIG. 6 shows spherical aberration, astigmatism, and dis-
tortion of the imaging lens in Example 3;

FIG. 7 is a schematic view showing the general configura-
tion of an imaging lens in Example 4;

FIG. 8 shows spherical aberration, astigmatism, and dis-
tortion of the imaging lens in Example 4;

FIG. 9 is a schematic view showing the general configura-
tion of an imaging lens in Example 5;

FIG. 10 shows spherical aberration, astigmatism, and dis-
tortion of the imaging lens in Example 5;
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6

FIG. 11 is a schematic view showing the general configu-
ration of an imaging lens in Example 6;

FIG. 12 shows spherical aberration, astigmatism, and dis-
tortion of the imaging lens in Example 6;

FIG. 13 is a schematic view showing the general configu-
ration of an imaging lens in Example 7;

FIG. 14 shows spherical aberration, astigmatism, and dis-
tortion of the imaging lens in Example 7;

FIG. 15 is a schematic view showing the general configu-
ration of an imaging lens in Example 8; and

FIG. 16 shows spherical aberration, astigmatism, and dis-
tortion of the imaging lens in Example 8.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, the preferred embodiment of the present
invention will be described in detail referring to the accom-
panying drawings.

FIGS. 1, 3, 5, 7, 9, 11, 13, and 15 are schematic views
showing the general configurations of the imaging lenses in
Examples 1 to 8 according to this embodiment, respectively.
Since all these examples have the same basic lens configura-
tion, the general configuration of an imaging lens according
to this embodiment is explained below referring to the sche-
matic view of Example 1.

As shown in FIG. 1, in the imaging lens according to this
embodiment, elements are arranged in the following order
from an object side to an image side: an aperture stop ST, a
first lens .1 with positive refractive power having a convex
surface on each of the object side and the image side, a second
lens [.2 with negative refractive power having a concave
surface on the object side near an optical axis X, a third lens
L3 with positive refractive power as a meniscus lens having a
convex surface on the image side, and a fourth lens [.4 with
negative refractive power as a meniscus double-sided
aspheric lens having a concave surface on the image side near
the optical axis X. This refractive power arrangement may be
virtually that of a telephoto lens system, which implies that it
is easy to shorten the total track length. The aperture stop ST
is located nearer to the image plane IM than the apex of the
object-side surface of the first lens L1.

A filter IR is located between the fourth lens L4 and the
image plane IM. The filter IR is omissible.

In the imaging lens composed of four constituent lenses as
mentioned above, the first lens L1 is a biconvex lens and its
positive refractive power is appropriately distributed to the
both convex surfaces so as to make the lens surface curvature
radius small, suppress an increase in manufacturing error
sensitivity, and shorten the total track length. Each surface of
the first lens L1 has an appropriate aspheric shape to correct
spherical aberrations which occur on the first lens 1.

The second lens [.2 has a biconcave shape near the optical
axis X, effectively corrects chromatic aberrations which
occur on the first lens L1, and also suppresses paraxial spheri-
cal aberrations, off-axial astigmatism, and coma aberrations
effectively. The shape of the second lens [.2 is not limited to
abiconcave shape. For example, FIG. 13 shows Example 7 in
which the second lens L2 is a meniscus lens in which the
object-side surface is concave near the optical axis X and the
image-side surface is convex near the optical axis X.
Although in Example 1 shown in FIG. 1, the second lens [.2
is shaped so that the both aspheric surfaces change in shape
uniformly from the center to the periphery, the peripheral
portions of the object-side surface and image-side surface
may be curved toward the object side as in Example 7 shown
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in FIG. 13. When it has aspheric shapes as shown in FIG. 13,
off-axial aberrations are corrected effectively.

The both surfaces of each of the third lens .3 and the fourth
lens 1.4 have appropriate aspheric shapes to make it easy to
correct off-axial astigmatism and distortion and reduce astig-
matic difference. The image-side surface of the fourth lens 1.4
has an aspheric shape with a pole-change point in a position
offthe optical axis X, and has the function to control the CRA.
A “pole-change point” here means a point on an aspheric
surface at which a tangential plane intersects the optical axis
X perpendicularly.

The aperture stop ST is located between the intersection of
the object-side surface of the first lens [.1 and the optical axis
X and the periphery of the object-side surface of the first lens
L1, so the exit pupil is remote from the image plane IM,
thereby preventing the CRA from becoming a large angle.
Furthermore, the image-side surface of the fourth lens [.4 has
an aspheric shape in which the peripheral portion is curved
toward the object side. Due to this aspheric shape, the nega-
tive refractive power of the fourth lens 1.4 gradually decreases
as the distance from the optical axis X increases. Alterna-
tively, as the distance from the optical axis X increases, the
negative refractive power of the fourth lens [.4 gradually
decreases and changes to positive refractive power in the
peripheral portion. This change in refractive power allows the
fourth lens L4 to control the CRA. In connection with CRA
control by the fourth lens 14, if the aspheric image-side
surface of the fourth lens L4 is sharply curved toward the
object side, the positive refractive power in the peripheral
portion is stronger and the CRA is closer to perpendicularity.
In that case, however, internally reflected light generated on
the peripheral portion of the image-side surface of the fourth
lens [ 4 is likely to impinge on the inner surface of the object-
side surface of the fourth lens 1.4 at an angle which induces
total reflection. If totally reflected unwanted light rays reach
the image plane IM, a ghost phenomenon may occur, causing
deterioration in image quality. In this embodiment, since the
aperture stop ST is located nearest to the object in the lens
system to make the exit pupil remote from the image plane IM
to prevent the CRA from becoming a large angle, the burden
on the aspheric surface of the peripheral portion of the fourth
lens L4 to control the CRA is reduced and also occurrence of
a ghost phenomenon is suppressed.

In the imaging lens according to this embodiment, all the
constituent lenses are made of plastic material. Therefore, the
manufacturing process is simplified, and the imaging lens can
be mass-produced at low cost. Also, all the lens surfaces are
aspheric. Since all the lens surfaces have appropriate aspheric
shapes, aberrations are corrected more properly.

The imaging lens according to the present invention satis-
fies conditional expressions below:

0.15<12/f34<0.5 M

0.1<I71/r21<0.5 )

1.0<1/3<1.6 3)

—6.5<r3/f<-0.7 )

3.3<r7/18<7.5 )

TLARiR<0.9 (6

/0.7 %)

where

f: focal length of the overall optical system of the imaging lens

f1: focal length of the first lens [.1

3: focal length of the third lens [.3

f12: composite focal length of the first lens [.1 and the second
lens L.2
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f34: composite focal length of the third lens 1.3 and the fourth
lens L4
rl: curvature radius of the object-side surface of the first lens
L1
r2: curvature radius of the image-side surface of the first lens
L1
r3: curvature radius of the object-side surface of the second
lens L2
r7: curvature radius of the object-side surface of the fourth
lens L4

r8: curvature radius of the image-side surface of the fourth
lens L4

TLA: distance on the optical axis X from the objet-side sur-
face of an optical element located nearest to the object to
the image plane IM without the filter IR (total track length)

ih: maximum image height.

In this embodiment, all the lens surfaces are aspheric. The
aspheric shapes of these lens surfaces are expressed by the
following equation, where Z denotes an axis in the optical
axis direction, H denotes a height perpendicular to the optical
axis, k denotes a conic constant, and A4, A6, A8, A10, A12,
Al4, and A16 denote aspheric surface coefficients.

H? Equation 1

R

H?
1+ 1_(k+1)ﬁ

AsHS + AL gH'® + A HY? + A H™ + A H'S

Z= +AHY + AgHS +

Next, examples of the imaging lens according to this
embodiment will be explained. In each example, f denotes the
focal length of the overall optical system of the imaging lens,
Fno denotes an F-number, o denotes a half field of view, ih
denotes a maximum image height, and TLA denotes total
track length without the filter IR. i denotes a surface number
counted from the object side, r denotes a curvature radius, d
denotes the distance on the optical axis between lens surfaces
(surface distance), Nd denotes a refractive index at d-ray
(reference wavelength), and vd denotes an Abbe number at
d-ray. As for aspheric surfaces, an asterisk (*) after surface
number i indicates that the surface concerned is an aspheric
surface.

EXAMPLE 1

The basic lens data of Example 1 is shown below in Table
1.

TABLE 1

Example 1 in mm

f=2.89
Fno=2.24
w(deg) = 37.7
ih=2.26
TLA =3.48

Surface Data

Abbe
Number vd

Refractive
Index Nd

Surface
Distance d

Curvature

Surface No. i Radius r

(Object Surface)
Stop
1 *
2*
3 *
4%

Infinity
Infinity
1.344

Infinity
-0.100
0.527
0.034
0.300
0.560

1.5346 56.16

1.6142 25.58
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TABLE 2

TABLE 1-continued
5% -3.821 0.613 1.5346 56.16
6* -0.763 0.036
7* 4.343 0.400 1.5346 56.16
8* 0.662 0.250
9 Infinity 0.210 1.5168 64.20
10 Infinity 0.623
Image Plane infinity
Lens Start Surface Focal Length
Constituent Lens Data
1 1 1.867
2 3 -3.029
3 5 1.667
4 7 -1.518
Composite Focal Length
f12 3.615
34 22.196
Aspheric Surface Data
1st Surface 2nd Surface 3rd Surface 4th Surface
k -2.548E-01 0.000E+00 0.000E+00 -5.764E-02
A4 -2.698E-02 4.854E-01 5.673E-01 2.529E-01
A6 1.230E-01  -2.371E+00 -2.206E+00 -3.346E-01
A8 -9.851E-01 6.115E+00 5.654E+00 3.421E-01
Al0 2.014E+00  -8.047E+00 -6.810E+00 5.099E-01
Al2 -1.795E+00 3.937E+00 3.226E+00 -5.118E-01
Al4 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Al6 0.000E+00 0.000E+00 0.000E+00 0.000E+00
5th Surface 6th Surface 7th Surface 8th Surface
k -6.591E+00  -4.975E+00 0.000E+00 -5.729E+00
A4 1.852E-01  -4.839E-02 -3.259E-01 -1.906E-01
A6 -4.928E-01 1.048E-03 1.192E-01 1.192E-01
A8 1.150E+00 6.438E-02 9.796E-03 -6.064E-02
Al0 -1.997E+00 4.744E-03 -6.506E-03 1.920E-02
Al2 1.814E+00  -7.520E-02 -3.045E-03 -3.355E-03
Al4 -6.960E-01 5.174E-02 1.420E-03 1.696E-04
Al6 -6.412E-04 -1.145E-02 -1.477E-04 1.817E-05

As shown in Table 9, the imaging lens in Example 1 satis-
fies all the conditional expressions (1) to (7).

FIG. 2 shows spherical aberration (mm), astigmatism
(mm), and distortion (%) of the imaging lens in Example 1.
The spherical aberration diagram shows the amount of aber-
ration at wavelengths of F-ray (486 nm), d-ray (588 nm), and
C-ray (656 nm). The astigmatism diagram shows the amount
of aberration on sagittal image surface S at d-ray and the
amount of aberration on tangential image surface T at d-ray
(the same is true for FIGS. 4, 6, 8, 10, 12, 14, and 16). As
shown in FIG. 2, each aberration is corrected properly.

In Example 1, total track length TLA is 3.48 mm and the
ratio of total track length TLA to maximum image height ih
(TL.A/2ih) is 0.77, which suggests that the imaging lens is
compact. Also, the imaging lens provides a relatively wide
field of view of about 75 degrees and high brightness with an
F-value of about 2.2.

EXAMPLE 2

The basic lens data of Example 2 is shown below in Table
2.
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Example 2 in mm

f=2.89
Fno=2.25
w(deg) = 38.0
ih=2.30
TLA =3.48

Surface Data

Curvature Surface Refractive Abbe
Surface No. i Radiusr  Distanced Index Nd Number vd
(Object Surface) Infinity Infinity
Stop Infinity -0.100
1* 1.343 0.500 1.5438 55.57
2% -5.487 0.030
3% -16.761 0.300 1.6142 25.58
4% 2.528 0.555
5% -3.760 0.609 1.5346 56.16
6* -0.821 0.052
7* 4.558 0.422 1.5346 56.16
8% 0.739 0.250
9 Infinity 0.210 1.5168 64.20
10 Infinity 0.626
Image Plane Infinity
Lens Start Surface Focal Length
Constituent Lens Data
1 1 2.037
2 3 -3.555
3 5 1.832
4 7 -1.716
Composite Focal Length
f12 3.663
34 18.133
Aspheric Surface Data
1st Surface 2nd Surface 3rd Surface 4th Surface
k 1.887E-01 0.000E+00 0.000E+00 -1.658E+00
A4 -4.009E-02 2.856E-01 3.807E-01 2.424E-01
A6 3.393E-02 -2.074E+00 -2.068E+00 -5.114E-01
A8 -7.032E-01 6.083E+00 5.980E+00 9.155E-01
Al0 1.333E+00 -8.079E+00 -6.837E+00 4.578E-02
Al2 -1.114E+00 4.072E+00 2.927E+00 -4.114E-01
Al4 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Al6 0.000E+00 0.000E+00 0.000E+00 0.000E+00
5th Surface 6th Surface 7th Surface 8th Surface
k 7.078E+00 -4.724E+00 0.000E+00 -5.573E+00
A4 1.307E-01 -7.304E-02 -3.067E-01 -1.933E-01
A6 -1.682E-01 5.321E-02 1.163E-01 1.190E-01
A8 3.462E-01 1.126E-02 7.651E-03 -5.932E-02
Al0 -1.256E+00 -1.971E-02 -6.270E-03 1.890E-02
Al2 1.885E+00 -5.940E-02 -2.890E-03 -3.379E-03
Al4 -1.225E+00 6.911E-02 1.432E-03 2.234E-04
Al6 1.710E-01 -1.987E-02 -1.573E-04 7.610E-06

As shown in Table 9, the imaging lens in Example 2 satis-
fies all the conditional expressions (1) to (7).

FIG. 4 shows spherical aberration (mm), astigmatism
(mm), and distortion (%) of the imaging lens in Example 2. As
shown in FIG. 4, each aberration is corrected properly.

In Example 2, total track length TLA is 3.48 mm and the
ratio of total track length TLA to maximum image height ih
(TLA/2ih) is 0.76, which suggests that the imaging lens is
compact. Also, the imaging lens provides a relatively wide
field of view of about 76 degrees and high brightness with an
F-value of about 2.2.
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EXAMPLE 3

12

compact. Also, the imaging lens provides a relatively wide
field of view of about 76 degrees and high brightness with an
F-value of about 2.0.

The basic lens data of Example 3 is shown below in Table

3.
5 EXAMPLE 4
TABLE3 The basic lens data of Example 4 is shown below in Table
Example 3 in mm 4.
f=2.88
Fno = 2.04 10 TABLE 4
fn(deg) =38.1 Example 4 in mm
ih =2.30
TLA=3.73 £=2.88
Fno =2.04
Surface Data o(deg) = 38.0
) 15 ih=2.30
Curvature Surface Refractive Abbe TLA = 3.73
Surface No. i Radius r Distanced  Index Nd  Number vd
- - - Surface Data
(Object Surface) Infinity Infinity
St(;p Infinity -0.100 Curvature Surface Refractive Abbe
1 1.468 0.672 1.5438 55.57 20 Surface No. i Radius r Distanced  Index Nd  Number vd
2% -4.375 0.030
3: -5.883 0.300 1.6142 25.58 (Object Surface)  Infinity Infinity
4 3.685 0.464 Stop Infinity ~0.100
5% -3.178 0.815 1.5346 56.16 e 1.486 0.638 1.5438 55.57
6* -0.677 0.030 2% —4.093 0.030
T* 3.537 0.407 1.5346 56.16 3% _R.068 0.300 1.6142 2558
8* 0584 0.400 2 . 3033 0.466
9 Infinity 0.210 1.5168 64.20 5% -3.469 0.855 1.5346 56.16
10 Inﬁ_nity 0.476 6% —0.682 0.030
Image Plane Infinity 7% 3.449 0.400 1.5346 56.16
8* 0.578 0.400
Lens Start Surface Focal Length 9 Infinity 0.210 1.5168 64.20
- 30 10 Infinity 0.473
Constituent Lens Data Image Plane Infinity
1 1 2.107 Lens Start Surface Focal Length
2 3 -3.645
3 5 1.445 Constituent Lens Data
4 7 ~1.374 35
Composite Focal Length 1 1 2.089
2 3 -3.552
f12 3.799 3 5 1.435
134 12.116 4 7 _1.365
- Composite Focal Length
Aspheric Surface Data 40
f12 3.819
1st Surface 2nd Surface 3rd Surface 4th Surface 34 11.764
k 8.696E-01 0.000E+00 0.000E+00  -3.749E-01 Aspheric Surface Data
A4 -5.026E-02 3.342E-01 3.947E-01 2.103E-01
A6 2862B-02  -258TE+00  -2618E+00  -4832E-01 Ist Surface  2nd Surface 3rd Surface  4th Surface
A8 -1.403E-01 5.997E+00 6.024E+00 8.413E-01
Al0 1.778E-01 —6.734E+00 —6.538E+00 -5.807E-01 k 1.329F+00 0.000FE-+00 0.000E+00 _5.936E-02
Al2 —3.444E-01 2.844E+00 2.852E+00 1.911E-01 Ad —6.962F-02 5.922F-01 5.915E-01 2.378E-01
Al4d 0.000E+00 0.000E+00 0.000E+00 0.000E+00 A6 _3.346E-02 _2.660E+00 _2.725E+00 _5.256E-01
Al6 0.000E+00 0.000E+00 0.000E+00 0.000E+00 AR _1.967E-01 5.862F+00 5.931E+00 R 844E-01
Al0 2.914E-01 —6.693E+00 -6.563E+00 -6.433E-01
SthSurface  6th Surface  7th Surface  8th Surface 30 5p5 —4165E-01  2917E+00 2015E400  2.135E-01
Al4 0.000E+00  0.000E+00 0.000E+00 0.000E+00
k 2.899E+00  —4.281E+00 0.000E+00  -4.864E+00 Al6 0.000E+00  0.000E+00 0.000E+00  0.000E+00
A4 1.164E-01 -1.777E-01 -3.266E-01 -1.709E-01
A6 -3.020E-01 6.175E-02 LI18SE-01  1.090E-01 Sth Surface  6th Surface 7th Surfice  8th Surface
A8 4.881E-01 -1.403E-03 5.445E-03 -5.331E-02
Al0 —-1.036E+00 3.722E-03 -5.885E-03 1.689E-02 55 _1.915E-01 _4.520E+00 0.000E+00 —~4.900E+00
Al2 1.657E+00  -5.267E-02  -2.689E-03  —3.202E-03 A4 12356-01  —1.680E-01 Z3320E-01  —1701E-01
Al4 ~1.431E+00 7.486E-02 LA60E-03  3.031E-04 A6 37ME-01  4005E-02 1137E-01  LO68E-01
Al6 5.161E-01  -2464E-02  -1.777E-04  -8.942E-06 A8 6.560E-01  1.803E-02 T181E-03  —5209E-02
Al0O ~1.199E+00  2.599E-03 -5.164E-03 1.665E-02
. . . . . Al2 1.638E+00  —-5.981E~02 -2.816E-03  -3.220E-03
As shown in Table 9, the imaging lens in Example 3 satis- 4 a14 “1245E400  7.548E-02 1.368E-03  3.138E-04
fies all the conditional expressions (1) to (7). Al6 4.009E-01  -2.392E-02 -1.587E-04  -9.704E-06
FIG. 6 shows spherical aberration (mm), astigmatism
(mm), and distortion (%) of the imaging lens in Example 3. As As shown in Table 9, the imaging lens in Example 4 satis-
shown in FIG. 6, each aberration is corrected properly. fies all the conditional expressions (1) to (7).
In Example 3, total track length TLA is 3.73 mm and the 65  FIG. 8 shows spherical aberration (mm), astigmatism

ratio of total track length TLA to maximum image height ih
(TL.A/2ih) is 0.81, which suggests that the imaging lens is

(mm), and distortion (%) of the imaging lens in Example 4. As
shown in FIG. 8, each aberration is corrected properly.
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In Example 4, total track length TLA is 3.73 mm and the
ratio of total track length TLA to maximum image height ih
(TL.A/2ih) is 0.81, which suggests that the imaging lens is
compact. Also, the imaging lens provides a relatively wide
field of view of about 76 degrees and high brightness with an

14

FIG. 10 shows spherical aberration (mm), astigmatism
(mm), and distortion (%) of the imaging lens in Example 5. As
shown in FIG. 10, each aberration is corrected properly.

In Example 5, total track length TLA is 3.73 mm and the

5 . . . . .
Fovalue of about 2.0, ratio of .tota.l track leng.th TLA to maximum image height 1.h
(TLA/2ih) is 0.81, which suggests that the imaging lens is
EXAMPLE 5 compact. Also, the imaging lens provides a relatively wide
field of view of about 76 degrees and high brightness with an
The basic lens data of Example 5 is shown below in Table F-value of about 2.2.
5.
EXAMPLE 6
TABLE 5
The basic lens data of Example 6 is shown below in Table
Example 5 in mm 6
15
f=2.88
Fno =2.20 TABLE 6
w(deg) = 38.1
ih=2.30 Example 6 in mm
TLA=3.73
20 f=2.83
Surface Data Fno = 2.07
w(deg) = 38.4
Curvature Surface Refractive Abbe ih=2.30
Surface No. i Radiusr  Distanced Index Nd Number vd TLA=3.70
(Object Surface) Infinity Infinity Surface Data
Stop Infinity -0.100 25
1* 1.455 0.610 1.5438 55.57 Curvature Surface Refractive Abbe
2% -4.328 0.031 Surface No. i Radiusr  Distanced IndexNd Number vd
3% -9.705 0.300 1.6142 25.58
4% 2.871 0.437 (Object Surface) Infinity Infinity
5% -3.165 0.888 1.5346 56.16 Stop Infinity -0.120
6* -0.678 0.030 30 1* 1.563 0.605 1.5346 56.16
7* 4.064 0.422 1.5346 56.16 2% -8.930 0.151
8* 0.596 0.400 3% -7.948 0.302 1.6349 23.97
9 Infinity 0.210 1.5168 64.20 4% 5.952 0.454
10 Infinity 0.472 5% -2.016 0.579 1.5346 56.16
Image Plane Infinity 6* -0.779 0.030
35 7* 2.790 0.561 1.5346 56.16
Lens Start Surface Focal Length 8% 0.766 0.400
9 Infinity 0.210 1.5168 64.17
Constituent Lens Data 10 Infinity 0.515
Image Plane Infinity
1 1 2.080
2 3 -3.575 40 Lens Start Surface Focal Length
3 5 1.435
4 7 -1.364 Constituent Lens Data
Composite Focal Length
1 1 2.539
f12 3.764 2 3 -5.315
34 12.628 3 5 2.041
45 4 7 -2.188
Aspheric Surface Data Composite Focal Length
1st Surface 2nd Surface 3rd Surface 4th Surface f12 4.000
34 8.425
k 1.157E+00 0.000E+00 0.000E+00 1.360E+00
A4 —-6.351E-02 4.848E-01 5.703E-01 2.537E-01 50 Aspheric Surface Data
Ab -4.379E-02 —2.684E+00 -2.792E+00 -5.809E-01
A8 -2.378E-01 5.826E+00 5.872E+00 9.179E-01 1st Surface 2nd Surface 3rd Surface  4th Surface
Al0 4.615E-01 —6.834E+00 —-6.501E+00 —-6.186E-01
Al2 -6.830E-01 3.224E+00 3.138E+00 2.143E-01 k -6.856E-01 0.000E+00 0.000E+00  -1.675E+01
Al4 0.000E+00 0.000E+00 0.000E+00 0.000E+00 A4 -6.380E-02 -1.748E-01 -1.496E-01 7.795E-02
Al6 0.000E+00 0.000E+00 0.000E+00 0.000E+00 55 A6 2.866E-01 -3.185E-01 -1.797E-01  -2.064E-01
A8 -1.437E+00 6.212E-01 3.008E-02 3.906E-01
Sth Surface 6th Surface 7th Surface 8th Surface Al0 2.805E+00 -1.198E+00 1.030E+00  -2.371E-01
Al2 -3.180E+00 1.610E+00 -6.575E-01  -1.852E-02
k 7.227E-01 —4.253E+00 0.000E+00 —4.978E+00 Al4 1.125E+00 -9.787E-01 -8.697E-02 1.715E-01
A4 1.181E-01 -1.972E-01 -3.183E-01 -1.654E-01 Al6 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ab -3.648E-01 8.729E-02 1.132E-01 1.035E-01 60
A8 6.721E-01 -6.462E-03 6.646E-03 —-5.109E-02 Sth Surface 6th Surface 7th Surface 8th Surface
Al0 -1.175E+00 6.426E-03 —-5.149E-03 1.654E-02
Al2 1.604E+00 -5.422E-02 —-2.787E-03 -3.221E-03 k 0.000E+00 -5.822E-01 0.000E+00  -4.970E+00
Al4 —-1.283E+00 7.625E-02 1.372E-03 3.157E-04 A4 9.035E-02 4.909E-01 -2.338E-01  -1.114E-01
Al6 4.503E-01 —-2.608E-02 -1.617E-04 -9.870E-06 A6 -1.247E-01 —-6.340E-01 1.072E-01 5.741E-02
A8 -1.449E-01 8.313E-01 -1.605E-02  -2.184E-02
65 A10 2.789E-01 -5.957E-01 -1.779E-03 4.516E-03
As shown in Table 9, the imaging lens in Example 5 satis- Al2 -2.116E-01 2.120E-01 6.111E-04  —2.749E-04

fies all the conditional expressions (1) to (7).
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TABLE 6-continued TABLE 7-continued
Al4 -3.118E-02 5.078E-03 4.171E-06  -5.087E-05 sth Surface  6th Surface 7th Surface 8th Surface
Al6 0.000E+00 0.000E+00 -7.167E-06  6.625E-06
s k 0.000E+00  -5.893E-01 0.000E+00 ~5.258E+00
As shown in Table 9, the imaging lens in Example 6 satis- Ad 1.254B-01  5.572B-01  -2.179E-01 -1.142B-01
6 o - A6 -1.776E-03  —6.129E-01 9.278E-02 5.840E-02
es all the conditional expressions (1) to (7).
. . . . A8 -4772E-01  7.701E-01  -1.034E-02 -2.223E-02
FIG. 12 shows spherical aberration (mm), astigmatism
. TN . . . A10 2.991E-01  -3.874E-01  -2.491E-03 4.483E-03
(mm), and distortion (%) of the imaging lens in Example 6. As AL AT8SE_01  —5.6205-02 P 1.957F-04
shown in FIG. 12, each aberration is corrected properly. 10 A14 7 615E-01 1 630B-01 1350E-04 7 575E-05
In Example 6, total track length TLA is 3.70 mm and the ¢ 0.000E+00  0.000E+00  -2.040E-05 8.708E-06
ratio of total track length TLA to maximum image height ih
(TL.A/2ih) is 0.81, which suggests that the imaging lens is
compact. Also, the imaging lens prOV}des a relatlvely.W1de As shown in Table 9, the imaging lens in Example 7 satis-
field of view of about 77 degrees and high brightness with an 15 fies all the conditional expressions (1) to (7).
F-value of about 2.0. . . . .
FIG. 14 shows spherical aberration (mm), astigmatism
EXAMPLE 7 (mm), gnd distortion (%) of the i.maging lens in Example 7. As
shown in FIG. 14, each aberration is corrected properly.
The basic lens data of Example 7 is shown below inTable 53 In Example 7, total track length TLA is 3.71 mm and the
7. ratio of total track length TLA to maximum image height ih
(TLA/2ih) is 0.81, which suggests that the imaging lens is
TABLE 7 compact. Also, the imaging lens provides a relatively wide
Example 7 in mm field of view of about 76 degrees and high brightness with an
25 F-value of about 2.0.
f=2.86
Fno =2.07
o(deg) =38.2 EXAMPLE 8
ih=2.30
TLA =3.71
30 The basic lens data of Example 8 is shown below in Table
Surface Data 8
Curvature Surface Refractive Abbe
Surface No. i Radiusr  Distanced Index Nd Number vd TABLE 8
(Object Surface) Infinity Infinity 35 Example 8 in mm
Stop Infinity -0.131
1* 1.597 0.710 1.5346 56.16 f=2.88
2% -5.460 0.117 Fno = 2.04
3% -2.317 0.269 1.6349 23.97 o(deg) = 38.0
4% -9.455 0.518 ih=2.30
5% -1.603 0.438 1.5346 56.16 I TLA =3.73
6* -0.726 0.142
7% 2.955 0.487 1.5346 56.16 Surface Data
g* 0.782 0.400
9 Infinity 0.210 1.5168 64.17 Curvature Surface Refractive Abbe
10 Infinity 0.516 Surface No. i Radiusr  Distanced Index Nd Number vd
Image Plane Infinity
45 (Object Surface) Infinity Infinity
Lens Start Surface Focal Length Stop Infinity -0.100
1* 1.482 0.664 1.5438 55.57
Constituent Lens Data 2% -3.700 0.030
3% -5.672 0.300 1.6142 25.58
1 1 2.395 4% 3.316 0.438
2 3 -4.906 50 5% -3.210 0.790 1.5346 56.16
3 5 2.116 6* -0.760 0.042
4 7 -2.156 7% 4,049 0.456 1.5346 56.16
Composite Focal Length 8* 0.693 0.400
9 Infinity 0.210 1.5168 64.20
f12 3.989 10 Infinity 0.472
34 10.173 55 Image Plane Infinity
Aspheric Surface Data Lens Start Surface Focal Length
1st Surface 2nd Surface 3rd Surface 4th Surface Constituent Lens Data
k -2488E-01  0.000E+00 0.000E+00 483SE+01 1 1 2.038
A4 -5414E-02  -8.851E-02 2.045E-02 1.762E-01 2 3 -3.364
A6 3.120E-01  -5.988E-01  —7.666E-01 -5.149E-01 3 5 1.674
A8 -1.361E+00  5.808E-01 1.185E-01 5.674E-01 4 7 -1.642
Al0 2.458E+00  -5.448E-01 1.614E+00 -4.777E-01 Composite Focal Length
Al2 -1.800E+00  6.002E-01  —-1.839E+00 2.216E-01
Al4 -4.257E-01  -4.325E-01 7.157E-01 -8.974E-02 f12 3.822
Al6 0.000E+00  0.000E+00 0.000E+00 0.000E+00 65 34 11.362
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TABLE 8-continued
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Aspheric Surface Data

1st Surface 2nd Surface 3rd Surface 4th Surface
k 1.443E+00 0.000E+00 0.000E+00 -2.349E+00
A4 -9.323E-02 4.145E-01 5.052E-01 2.376E-01
A6 9.938E-02 -2.681E+00 -2.932E+00 -5.380E-01
A8 -7.424E-01 5.531E+00 6.109E+00 8.280E-01
Al0 1.288E+00 -5.699E+00 -6.255E+00 -5.005E-01
Al2 -1.298E+00 2.194E+00 2.679E+00 1.407E-01
Al4 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Al6 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Sth Surface 6th Surface 7th Surface 8th Surface
k 5.171E+00 -4.155E+00 0.000E+00 -4.974E+00
A4 1.332E-01 -1.932E-01 -3.046E-01 -1.577E-01
A6 -3.095E-01 1.213E-01 9.850E-02 9.657E-02
A8 5.975E-01 -8.208E-02 6.310E-03 -4.791E-02
Al0 -1.107E+00 5.938E-02 -8.129E-04 1.579E-02
Al2 1.524E+00 -4.850E-02 -3.810E-03 -3.248E-03
Al4 -1.165E+00 6.635E-02 1.244E-03 3.556E-04
Al6 3.814E-01 -2.551E-02 -1.192E-04 -1.434E-05

As shown in Table 9, the imaging lens in Example 8 satis-
fies all the conditional expressions (1) to (7).

FIG. 16 shows spherical aberration (mm), astigmatism
(mm), and distortion (%) of the imaging lens in Example 8. As
shown in FIG. 16, each aberration is corrected properly.

In Example 8, total track length TLA is 3.73 mm and the
ratio of total track length TLA to maximum image height ih
(TL.A/2ih) is 0.81, which suggests that the imaging lens is
compact. Also, the imaging lens provides a relatively wide
field of view of about 76 degrees and high brightness with an
F-value of about 2.0.

As explained above, the imaging lens according to the
preferred embodiment of the present invention is compact

with total track length TLA of 3.8 mm or less and a ratio of

total track length TLA to maximum image height ih (TLA/
2ih) of 0.9 or less. Also, the imaging lens provides a wide field
of view of 70 degrees or more and high brightness with an
F-value of less than 2.4, and corrects aberrations properly.

Table 9 shows data on Examples 1 to 8 in relation to the
conditional expressions (1) to (7).

TABLE 9
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According to the present invention, there is provided a
compact imaging lens with a small F-value which corrects
various aberrations properly and provides a wide field of
view.

What is claimed is:
1. An imaging lens for a solid-state image sensor in which

elements are arranged in order from an object side to an image
side, comprising:

a first lens with positive refractive power having a convex
surface on the object side;

a second lens with negative refractive power having a con-
cave surface on the object side near an optical axis;

a third lens with positive refractive power as a meniscus
lens having a convex surface on the image side; and

a fourth lens with negative refractive power as a double-
sided aspheric lens, wherein

an F-value is smaller than 2.4; and

conditional expressions (1) and (3) below are satisfied:

0.2</12/f34<0.5 o)

1.0<1/f3<1.6 ©)

where

f1: focal length of the first lens

3: focal length of the third lens

f12: composite focal length of the first lens and the second
lens

f34: composite focal length of the third lens and the fourth
lens.

2. The imaging lens according to claim 1,

wherein an aperture stop is arranged on the object side of
the first lens.

3. The imaging lens according to claim 1,

wherein the fourth lens has a meniscus shape having a
concave surface on the image side near the optical axis.

4. The imaging lens according to claim 1,

where in a conditional expression (2) below is satisfied:

0.1<I71/r21<0.5 )

where

rl: curvature radius of the object-side surface of the first
lens

Example 1 Example 2 Example 3 Example4 Example 5 Example 6 Example 7 Example 8

Conditional Expression (1) 0.16 0.20 0.31 0.32
0.15 < f12/f34 < 0.5

Conditional Expression (2) 0.40 0.24 0.34 0.36
0.1 <Irl/r21<0.5

Conditional Expression (3) 1.12 1.11 1.46 1.46
1.0<fl/f3 <1.6

Conditional Expression (4) -1.71 -5.80 -2.04 -2.80
-6.5 <r3/f<-0.7

Conditional Expression (5) 6.56 6.17 6.06 597
33 <1718 <75

Conditional Expression (6) 0.77 0.76 0.81 0.81
TLA/21h <09

Conditional Expression (7) 0.78 0.79 0.80 0.80
1vf>0.7

0.30 047 0.39 0.34
0.34 0.18 0.29 0.40
145 1.24 1.13 1.22
-3.37 -2.81 -0.81 -1.97
6.82 3.64 3.78 5.84
0.81 0.81 0.81 0.81
0.80 0.81 0.80 0.80

When the imaging lens according to the preferred embodi-
ment of the present invention is used for an optical system
built in an image pickup device mounted in an increasingly
compact and low-profile mobile terminal such as a smart
phone, mobile phone or PDA (Personal Digital Assistant), or
a game console or an information terminal such as a PC, it
provides a function as a compact high-performance camera.

The effects of the present invention are as follows.

60

65

r2: curvature radius of the image-side surface of the first
lens.

5. The imaging lens according to claim 1,

wherein a conditional expression (4) below is satisfied:

—6.5<r3/f<-0.7 )

where
f: focal length of an overall optical system of the imaging
lens
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r3: curvature radius of the object-side surface of the second
lens.

6. The imaging lens according to claim 1,

wherein a conditional expression (5) below is satisfied:

3.3<r7/18<7.5 )

where

r7: curvature radius of the object-side surface of the fourth
lens

r8: curvature radius of the image-side surface of the fourth
lens.

7. The imaging lens according to claim 1,

wherein a conditional expression (6) below is satisfied:

TLARiR<0.9 (6

where

TLA: distance on the optical axis from the object-side
surface of an optical element located nearest to the
object to an image plane with a filter removed

ih: maximum image height.

8. The imaging lens according to claim 1,

wherein a conditional expression (7) below is satisfied:

ih/f>0.7 (7)
where
f: focal length of an overall optical system of the imaging

lens
ih: maximum image height.

#* #* #* #* #*
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